Background: The purpose of this study was to investigate the prevalence of four types of chronic pain (headache, abdominal pain, neck and shoulder pain (NSP), and low back pain (LBP)) and to explore the relationship between the prevalence of chronic pain and self-reported academic pressure in high school students in Shanghai, China. Method: Three thousand students were randomly surveyed on related issues using a questionnaire, and the results were analyzed using a multivariate logistic regression model. Results: Among the 2849 high school students who completed the questionnaire, the overall prevalence rates of headache, abdominal pain, NSP, and LBP were 30.3, 20.9, 32.8, and 41.1 %, respectively. The students in general experienced a heavy burden of learning, a high level of stress, and sleep deprivation, which were closely related to the four types of chronic pain. Conclusion: Chronic pain is a common condition in Chinese adolescents and is closely related to self-reported academic pressure.
Background
Chronic pain can be defined as an individual's subjective perception of an unpleasant feeling lasting at least 3 months [1] . Chronic pain directly affects quality of life and work efficiency and imposes huge economic burden on families and society [2, 3] . In the United Kingdom, back pain accounts for £1632 million in direct expenditure and £10,668 million in indirect costs every year. In the United States, over 80 million people suffer from chronic pain, and more than $90 billion is spent on medical expenses, legal proceedings, and unemployment and disability benefits every year [4] . It has been preliminarily estimated that more than 300 million people in China suffer from chronic pain, and the number increases at a rate of 10-20 million people per year. The prevalence rate of chronic pain ranks second only to the common cold and is much higher than that of malignant tumors, hypertension, and diabetes [5] . Many types of chronic pain originate from puberty [6] . For example, the prevalence of frequent headache and migraine was reported 24.83 % in the adolescents of Campinas, Brazil [7] , and a survey in Finland showed that NSP and LBP occurred at least once a week in respectively 26 and 12 % of 14-to 18-year-olds [8] . In spite of different criterion, however, the statistics can still be significant to show the current situation of adolescent health.
In addition to chronic pain, academic pressure also besets Chinese adolescents. Data published by the Ministry of Education of the People's Republic of China have shown that nearly 10 million students participated in the annual national college entrance exam each year between 2008 and 2013. Maybe unlike the adolescents of Western developed countries, Chinese adolescents face both academic and mental pressures due to intense competition, which results in unique living habits and psychological states. Depression is closely associated with certain types of chronic pain [6, 7] . The prevalence of chronic pain is rather high in the adolescent population [8] , which is closely related to poor mental state and can be easily affected by various factors, including psychological factors and living habits [9] . Depression and poor mental state are also high-risk factors for low back pain (LBP) in adults of working age [10, 11] . Although previous studies have confirmed that educationrelated stress increases the risk of developing LBP in adolescents [12] , the correlation between the academic pressure that Chinese adolescents experience currently and the prevalence with chronic pain has yet to be explored. This study investigated the prevalence of chronic pain and the current academic pressure situation in adolescents in China (Shanghai) and examined the relationship between these factors. By investigating the current academic pressure situation in Chinese adolescents and analyzing the relationships between various learning-burden-related risk factors and different types of chronic pain, we hope that this study may provide a reference for improving adolescent health in the future.
Methods
All of the schools, parents, and students involved in the study provided their written informed consent before participating in the survey. The study protocol was reviewed and approved by the Ethics Committee of the School of Medicine, Shanghai Jiaotong University.
Subjects of study
A total of 30 high schools were randomly selected from the 237 full-time ordinary high schools registered in Shanghai, and 100 students with age various from 16 to 18 were chosen from each school using a random selection method based on the students' identification numbers to complete the survey questionnaire. Due to the unique academic circumstances of the twelfth grade year, only a small portion of the students completed the questionnaire.
Research methods
Because the subjects of the survey were high school adolescents (including high school seniors) whose mental states were less restrained and less controllable, followup was rather difficult. Cohort study was not suitable for the analysis of the survey results. Therefore, crosssectional study was conducted instead.
The questionnaire was designed with reference to the related literature. Based on the problems experienced by adolescents as discovered through interviews, a question bank was established. The questions were modified to incorporate the characteristics of high school students.
To ensure the validity of the questionnaire, a pre-survey was conducted among 120 college freshmen before the launch of the formal survey. Based on the results of the pre-survey, the survey questionnaire was modified to eliminate duplication and to remove the factors that had little correlation with disease prevalence (measurement of sampling adequacy MSA <0.50). In addition, the logic of each question was ensured so that the survey participants would understand the questions and take choices correctly. The final Kaiser-Mayer-Olkin (KMO) index of the questionnaire was 0.593. The questionnaire typically took less than 20 min to complete.
Thirty undergraduates from the Department of Clinical Medicine at the School of Medicine, Shanghai Jiao Tong University were responsible for distributing and retrieving the questionnaires. The undergraduates had received training related to aspects of the survey in advance. Before conducting the survey, the undergraduates gave the participants a popular science lecture; marked the specific scope of headache, abdominal pain, neck and shoulder pain (NSP), and LBP using diagrams of the human body; and explained in detail the characteristics of pain and the differences between post-exercise soreness, menstrual pain in women, and post-traumatic pain. Onset of pain was defined as pain lasting for more than 10 min, and we define "chronic pain" as "the pain lasting over 6 h single a time or short time with high frequency over 2-3 one day, and this bad situation happened more than 3 times in one month". But in the questionnaire, simply we described the standard as" in the last 3 months, how often did you feel this kind of frequent or continuous pain in neck/shoulder, low back, head and abdomen" to differentiate chronic pain from acute pain. Instead of directly using "yes" and "no" to assess the exposure to risk factors, the onset frequency of pain was classified into the following four levels: "almost never", less than once per month; "occasionally", 1-3 times per month; "often", 1-3 times per week; and "always", more than 3 times per week. General treatment of the results: "often" and "always" were treated as "yes", while the other two levels, "almost never" and "occasionally", were treated as "No".
Two weeks after the completion of the large-scale questionnaire survey, 50 participants were randomly selected for a two-factor test-retest reliability study. The test-retest reliability ranged between 0.69 and 0.81, which is measured by Kappa.
Data statistics and analysis
Except for the gender and grade year of the survey participants, the contents of the survey were divided into two major parts, direct and indirect indicators, which are all included in Table 1 , 4 (A and B) and 5.
Direct indicators
The indicators that reflected the amount of learning burden included "extracurricular learning tasks," "average daily sitting time" and "academic ranking". Self-reported feelings of the adolescents, such as "very tired after everyday learning" and "not enough rest," were used as indicators to reflect the direct impact of the burden of learning.
Indirect indicators
We regard living habits such as the length and quality of sleep, playing with musical instruments, smoking/drinking or not, as the indirect indicators of learning burden. Additionally, China ranks second in the world in the percentage of glasses-wearing adolescents and lags behind more than one hundred countries in average sleep time per day. These phenomena are likely related to the tremendous academic pressure Chinese adolescents have faced [13] . Changes in living habits caused by learning burden also reflect the academic pressure that adolescents experience. Therefore, we inquired about vision conditions in adolescents with questions such as "whether the adolescent became nearsighted", "how long the adolescent had suffered from nearsightedness", and "when nearsightedness started". In addition, questions regarding "recess," "self-feeling and exercise time", and "sleep time" were used to determine the adolescents' time allocation.
Data analysis was performed using the SPSS 21.0 software (SPSS Inc., Chicago, IL). Uncompleted questionnaires, questionnaires containing obvious errors (i.e., the errors were not caused by the answer choices of the questions), and the questionnaires filled out with answers containing apparent logic errors were excluded. The candidate risk factors were examined using a multivariate logistic regression model that included all the candidate risk factors. Backward stepwise regression procedure was used and the threshold for variant removal was set at 0.10. The results were presented using the odds ratio (OR) values and 95 % confidence intervals (CI). A P value less than 0.05 was considered statistically significant.
Results
In this study, a total of 3000 questionnaires were handed out, of which 2849 questionnaires (95 %) were successfully retrieved and 2587 questionnaires (86.2 %) were valid (if there are more than 15 % of the answers which cannot reflect the participant's purpose about this questionnaire, then we regard this kind of questionnaires we have collected as invalid ones). Among the 262 unqualified questionnaires, 110 of them were excluded because they were far from complete and 5 questionnaires were abandoned due to lack of response to key questions. Analysis of the remaining 147 uncompleted questionnaires showed that the results regarding the prevalence rates of the four types of chronic pain were not statistically significantly different from the results of the 2587 completed questionnaires.
The overall prevalence rates of headache, abdominal pain, NSP, and LBP were 30.3, 20.9, 41.1, and 32.8 %, respectively, among the ordinary high school students in Shanghai. The prevalence rates of all four types of chronic pain were elevated in female students compared to male students (headache, 35 (Table 1) .
Academic pressure currently faced by Chinese adolescents Direct indicators
The survey results showed that 34.7 % of the high school students spent an average of more than 10 h per day studying/sitting; 58.9 % of the students continued studying after school for more than 2 h; 44.2 % of the students had regular extracurricular learning tasks (such as various training courses and remedial classes); and 32.0 % of the students felt that they failed to achieve their daily learning goals ( Table 2 ). The self-reported academic pressure included not only the heavy burden of learning but also tremendous mental stress: 60.7 % of the high school students frequently felt tired after everyday learning, and 32.2 % of students received much pressure from parents and teachers.
Indirect indicators
The study showed that 68.1 % of the ordinary high school students in Shanghai wore glasses for daily activities (Table 3 ). In addition, the survey showed that academic pressure led to changes in living habits: 52.0 % of the students fell asleep after 11:00 pm; 65.0 % of the students were sleep-deprived; and 54.5 % of the students had poor-quality sleep and frequently suffered from insomnia and excessive dreaming. 
Indirect indicators (Table 5)
For students who went to sleep after 1:00 a.m., the prevalence rates of headache and abdominal pain were 43.70 and 31.00 %, respectively, which were significantly higher than in the students who slept earlier. However, no correlation was found between wearing glasses and the prevalence of chronic pain in this study.
Discussion
This study is the first in China to investigate the correlation between the self-reported academic pressure that Chinese adolescents face currently and the prevalence of chronic pain (headache, abdominal pain, NSP, and LBP) using cross-sectional analysis. The survey results showed that the prevalence rates of headache, abdominal pain, NSP, and LBP in ordinary high school students in Shanghai China were 30.3, 20.9, 32.8, and 41.1 %, respectively, which might be higher than the results of international research surveys in spite of different definitions about pain and chronic pain [8, 14] . The high prevalence of chronic pain may be related to the current state of high school education in China, with characteristics such as prolonged study time, a heavy burden of learning, and huge pressure. Chinese students experience similar levels of academic pressure regardless of gender. However, the prevalence of chronic pain was elevated in female students compared to male students, which was consistent with the results of previous crosssectional studies [14, 15] . The reasons for this phenomenon might include the following: (1) Compared to males, female adolescents are more emotionally sensitive [16] and feel fatigued more easily [17] . In addition, although we claim the difference between chronic pain and menstrual pain, it's still difficult for them to distinct the two types of pains. Besides, primary dysmenorrhea is rather common among female adolescents. Therefore, female adolescents are more readily affected by academic pressure and complaining about pains.
(2) Females have lower pain thresholds and tolerance levels than males of the same age [18] [19] [20] . Therefore, the symptoms of chronic pain are more likely to manifest in females [17] .
The study also shows a correlation between many working hours and chronic pain, but only if the working hours is so long enough (e.g. >10 h) that the correlation shows significant. So is it with the correlation between rank in school and chronic pain--only if the gap of academic ranking is large enough (e.g. ranking at <25 % vs. >75 % of the students) that significance exists (Table 4B ). The characteristics of chronic pain displayed as the grade year increased were consistent with the changes in the burden of learning. However, multivariate analysis indicated no significant correlation between grade and chronic pain, which is most likely due to the heavy learning burden generally experienced by the students in all grade years. But due to only a small portion of the students completed the questionnaire because of the unique academic circumstances of the twelfth grade year, this is just a speculation rather than a conclusion. It has been shown that there is a correlation between the mental states of Chinese adolescents and the prevalence of chronic pain [21] . Mental factors may result in varying degrees of pain sensitivity in adolescents [7] . Under Chinese education system, the test score is the most important criterion to evaluate a middle school student. Achieving acceptance into the nation's top universities is the absolute mainstream ideology of the general public. Because of this ideology, Chinese adolescents may be burdened with much more mental pressure. However, self-reported academic pressure exerts distinct effects on different types of chronic pain in adolescents.
Headache
Chronic headache is not a rare condition in adolescents [22] . A study in German showed that over 80 % of adolescents aged 13-18 years had self-reported headache symptoms in the last 6 months [22] (defined according to the German version of the International Classification of Headache Disorders (2nd Edition)). Worldwide, 54.4 % of the adolescent population suffers from headaches [23] . This study showed that 30.3 % of Chinese adolescents experienced headaches more than once per week in the last 3 months. Moreover, the prevalence of chronic headache was closely related to the average daily study time, extracurricular learning tasks, and stress received from parents, classmates, and teachers. The reason may be that heavy academic pressure induces an increase in risk factors for headaches (elevated levels of mental stress, lack of sleep, and less exercise) [24] and changes in adolescents' living habits (smoking, alcohol and coffee consumption), perhaps promoting the prevalence of chronic headache nonspecifically [25] .
Abdominal pain
Chronic abdominal pain is a common symptom of digestive system diseases and gynecological diseases [26] . However, the prevalence of chronic abdominal pain in adolescents is seldom reported. This study showed a significant correlation between chronic abdominal pain and academic pressure. Mental stress has been shown to induce gastrointestinal ulcers and functional gastrointestinal disease [27] . In addition, academic pressure increases the probability that adolescents will develop unhealthy habits, such as tobacco and alcohol consumption [25] , which greatly elevates the risk of developing digestive system diseases [28, 29] . Therefore, we believe that the effect of academic pressure on chronic abdominal pain is indirect, and the underlying mechanism may be related to long-term "stress" [30] . However, we also found that compared with chronic headache and musculoskeletal NSP neck/shoulder pain, LBP low back pain, AP abdominal pain, OR odds ratio, CI confidence interval pain, the correlation between self-reported academic pressure and chronic abdominal pain is somewhat weaker. The reasons may include the following: (1) For a long time, people have been paying more attention to digestive system diseases [26] . The treatments for digestive system diseases are relatively effective and universally accessible [28] . The symptoms of chronic abdominal pain can be readily relieved using drugs and physical therapy. Therefore, the correlation between chronic abdominal pain and self-reported academic pressure cannot easily be detected. (2) The level of self-reported academic pressure that Chinese adolescents experience, while rather high, does not reach the severity of "stress". Thus, the likelihood of causing chronic abdominal pain is fairly low [30, 31] .
NSP and LBP
Both NSP and LBP belong to musculoskeletal pain. Although the pathogenesis of NSP and LBP is different from the pathogenesis of chronic headache and abdominal pain [32] , it is closely related to academic pressure. First, heavy schoolwork and fierce competition put much pressure on adolescents. Good mental health is proven to be able to reduce the prevalence of LBP [6] . The prevalence of NSP has been associated with depression, especially in female students [33] . Second, a heavy burden of learning often results in sleep deprivation in adolescents. Lack of sleep and poor sleep quality are independent risk factors for musculoskeletal disorders, especially in female students [34] . However, the results of this study are somewhat inconsistent with previous studies [35] . Third, a heavy learning burden is also reflected by prolonged study time, extended sedentary time, and lack of exercise. Long-term bent neck posture [36] and curvature of the spine [37] are closely related to the prevalence of NSP. Exercise stimulates blood circulation to the intervertebral discs [38] and enhances the endurance [39] and flexibility [23] of the lower back muscles, which increases the stability of the spine and exerts a protective effect against NSP and LBP.
In addition, a certain correlation has been established between headache and musculoskeletal pain (such as NSP, LBP, and elbow/knee/ankle joint pain) [22] . Headache is more closely related to NSP, while abdominal pain exhibits a stronger correlation with LBP [4] . The reason may be that chronic pain induces emotional and psychological changes that lead to enhanced sensitivity to NSP/LBP [22] . Abdominal pain is often accompanied by other types of chronic pain, such as muscle pain and headache [40] . Various types of musculoskeletal pain affect one another to a certain extent [31] . Therefore, studying the factors related to a specific type of chronic pain requires the elimination of those interaction effects. Besides, sleep problems and chronic pains may have a bilateral impact on each other, for example, the length, difficulty and quality of sleep may have an impact on different chronic pains, at the same time chronic pain (such as back pain) can influence sleeping by interfering process of getting asleep and the sleeping quality.
In summary, a detailed and objective lecture was given to the survey participants prior to the survey. Ample time was provided to complete the survey. Questionnaire items were subjected to repeated scrutiny based on the results of numerous investigations, discussions, and pre-surveys. The large sample size and high response rate to the questionnaire rendered the survey valuable for determining the correlation of risk factors. However, there are still some limitations as follows: (1) A self-assessment questionnaire was chosen for pain assessment. Because self-feeling rather than a scale was used to measure the pain levels, the reliability and validity were relatively low. To ensure standardization, the questionnaire was fully illustrated and explained prior to the launch of the formal survey. The pre-survey indicated that differences in the severity of pain were not significant among different individuals. Cases of severe pain were rather rare. (2) A cross-sectional study cannot establish causal relationships. (3) The scope of the survey was limited to the Shanghai area. Therefore, the survey may fail to represent the situation in other regions. However, Shanghai is an independent and inclusive area for the national college entrance exam. We believe that the conclusions of the survey will reflect the current state of Chinese adolescents to a certain extent. (4) Students suffering from chronic pain may be more willing to complete the questionnaire, while emotionally depressed students are more likely to avoid the survey. In addition, the mental state of the depressed students is rather susceptible to hints. (5) Considering varies caused by different methods and standards about pain and chronic pain, we can hardly achieve a convincible compare to previous studies. The prevalence rates are only considerable higher under the rules which set by us in this research. Therefore, the problem of respondent bias was present to a certain degree. During the interaction prior to the survey, a professional psychological consultant lectured the survey-participating adolescents and helped them to treat emotional problems correctly and objectively. Thus, the bias should be minimized.
In brief, the prevalence of chronic pain is rather high in Chinese adolescents. Musculoskeletal pain, represented by NSP and LBP, has the greatest impact on the Chinese adolescent health. The enormous academic pressure and the resulting changes in the living habits of adolescents are closely related to the prevalence of chronic pain.
Conclusions
This study revealed the prevalence of chronic pain (headache, abdominal pain, NSP and LBP) in adolescents in China (Shanghai) and suggested that there is a relation between chronic pain and academic pressure, which needs to be explored in more depth in future studies. As the non-specific candidate risk factors, the heavy burden of learning which Chinese adolescents are bearing and self-reported academic pressure is closely related to the prevalence of chronic pain. Therefore, we call for measures to reduce the burden of learning on adolescents. In addition, we recommend further conducting cohort studies to explore the intrinsic correlation between various candidate risk factors such as self-reported academic pressure and chronic pain, and taking early preventive measures to reduce the prevalence of chronic pain in adolescents.
Abbreviations NSP: Neck and shoulder pain; LBP: Low back pain. 
